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EACVI/ASE  CLINICAL  RECOMMENDATIONS 

Recommendations  on  the  Echocardiographic 
Assessment  of  Aortic  Valve  Stenosis:  A  Focused 
Update  from  the  European  Association  of 
Cardiovascular  Imaging  and  the  American  Society 

of  Echocardiography 

Helmut  Baumgartner,  MD,  F ESC,  (Chair),  Judy  Hung,  MD,  FASE,  (Co -Chair),  Javier  Bermejo,  MD,  PhD, 
John  IC  Chambers,  MB  Rt’hirn  FES C,  Thor  Kdvardsen,  Ml),  PhD,  FKSC,  Steven  Goldstein,  MD,  FASH, 
Patrizio  LauceMotd,  MD,  PhD,  FESC,  Melissa  LcFevrc,  RDCS,  Fletcher  Miller  Jr.,  MD,  FASE, 
and  Catherine  M,  t)iLu,  MD,  FESC’,  Muntsf f  k  Germany;  Boston^  Massachusetts;  Madrid)  Spain;  Ltmdvn,  United 
Kinjfdattt;  (hltif  Narrmy;  Washington,  I'Hstrict  nf  C.alumhi&;  Rtltfium;  Bari,  Italy;  Durham,  North  Carolina; 

Rochester T  Minnesota;  and  Seattle,  Washington 


AS  =  MOST  COMMON  PRIMARY  HEART  VALVE  DISEASE 

Echo  is  the  PRIMARY  MODALITY  for  assessment  &  staging 


Baumgartner  H,  et  al.  J  Am  Soc  Echocardiogr  (2017)  30:372-392 


ECHO  ESSENTIALS  FOR  EVALUATION  OF  AS 

•  Valve  anatomy  for  etiology 

•  Severity  of  Stenosis 

•  Assisting  with  management  decision-making 

•  Recognize  low  output  /  low  gradient  states 
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BASIC  ROOT  STRUCTURE 


Sinotubular  junction 


Fibrous  Annulus 


Leaflets 


Sinuses  of  Valsalva 
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NORMAL  AV 


ORIENTATION  AND  OPENING 

Diastole  Systole 
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AORTIC  STENOSIS  -  ETIOLOGY 

•  Senile  /  Degenerative  Calcific 

•  Resembles  ectopic  bone 

•  Risk  factors  ~  Atherosclerosis 

•  Renal  dysfunction  may  accelerate 

•  Premature  Calcific  Bicuspid  Stenosis 

•  Rheumatic 

•  Less  common  in  the  US 

•  More  fusion  /  less  calcification 

•  Less  common 

•  Type  2  Hyperlipidemia,  SLE,  Irradiation,  Paget’s  Disease 


CALCIFIC  AORTIC  STENOSIS: 

PROGRESSIVE  REDUCTION  IN  LEARET MOTION 
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BICUSPID  AORTIC  VALVE 

•  Most  common  congenital  anomaly  (1.3%) 

•  Commissure  may  be  horizontal  or  vertical 

•  Horizontal:  Anterior  and  Posterior  leaflets 

•  Vertical:  Right  and  Left  (coronary)  leaflets 

•  ACCELERATED  CALCIFICATION  - ►  PREMATURE  STENOSIS 

•  Proximal  aortopathy  (even  in  normals) 

•  Associated  abnormalities 

•  COARCTATION  -  6%  PREVALENCE  (VICE  VERSA  -  50%  BAV  PREV.  W/COARCT 

•  INTRACRANIAL  ANEURYSMS  -  10%  PREVALENCE,  SCREEN  W/COARCT 


BICUSPID  AORTIC  VALVE 

PLAX  VIEW-  DOMING 


Diastole  Systole 
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BICUSPID  AORTIC  VALVE 


Systole 


Diastole 


CT  Ot 


raphe 


raphe 


©R 


Systolic  ellipsoid  orifice  identifies  as  bicuspid 


BICUSPID  AV  PHENOTYPES 


80%  |  20% 

•  Genetic  heterogeneity 

•  Significance  controversial 

•  RAPHE  =  T’ED  AS,  AR,  ultimate  AVR 


•  0  REPRODUCIBLE  ASSOC  -  ANEURYSM  /  DISS 


Masri  A,  et  al.  Heart  (2017)  103:1323-1330 
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BICUSPID  AORTOPATHY 


Root  &  proximal  ascending  aorta  dilated 

•  NORMALS  AND  ABNLS  -  OUT  OF  PROPORTION  TO  VALVE  DZ 

•  RISK:  ANEURYSM  (0.9%)  &  DISSECTION  (0.03%) 


Sfv 


% 


fry 


What  is  “abnormal”? 

•  dilation:  Root  >40  mm.  Ascending  >37  mm 

•  growth  rate  -0.4-0.6  mm/yr 


Echo  diagnosis, 

BUT  CONFIRM  WITH 
CT  OR  MR 


When  to  intervene? 

•  Dissection  rate  (0.5%)  when  aorta  >45  mm 

•  Isolated  aorta  -  replace  >55  mm,  or  >50  mm  +  “high  risk” 

•  Surgical  BAV  dz  -  replace  if  >45  mm 

Michelina  HI,  et  al.  Int  J  Cardiol  (2015)  201 :400-407 
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RHEUMATIC  AORTIC  STENOSIS: 

LESS  CAUCIHCATION,  MORE  COMMISSURAL  FUSION 


/ 


Quadracuspid  AoV 


Unicuspid  AoV 


AORTIC  VALVE: 

OTHER  ANOMALIES  ASSOCIATED  WTTHAS 
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LVOT  OBSTRUCTION  RULE-OUTS 


DYNAMIC  SUB-VALVULAR 


FIXED  SUB-VALVULAR 


SUPRA-VALVULAR 


ECHO  ESSENTIALS  FOR  EVALUATION  OF  AS 

•  Valve  anatomy  for  etiology 

•  Severity  of  Stenosis 

•  Assisting  with  management  decision-making 

•  Recognize  low  output  /  low  gradient  states 
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MULTIFACTORIAL  ASSESSMENT  OF  SEVERITY 

Level  1  Recommendation  -  Appropriate  in  all  patients 

•  Peak  AV  jet  velocity  (m/sec) 

•  Mean  AV  gradient  (mmhg) 

•  Valve  area  by  continuity  equation  (cm2)  -  VTI 

•  “Simplified”  continuity  equation  -  VMAX 

•  Velocity  ratio  (dimensionless) 

•  Planimetry 


Table  2  Measures  of  AS  severity  obtained  by  Do pp le r - ec hocard i og rapby 

Units 

Formula/method 

Cut-off  for 

severe 

Concept 

Advantages 

Unwtataons 

AS  jet  velocity  •  15 

m/s 

Direct  measurement 

4.0 

Velocity  increases  as 
stenosis  seventy 
increases 

Direct  measurement  of 
velocity.  Strongest 
predictor  of  clinical 
outcome 

•  Correct 

measurement  | 

requires  parallel 
alignment  of 
ultrasound  beam 

•  Flow  dependent. 

Mean  gradient 

mmHg 

J  P  = 

40 

Pressure  gradient 
calculated  from 
velocity  ustng  the 
Bemouii  equation 

•  Mean  gradient  is 
obtained  by  tracing 
the  velocity  curve 
-  Units  comparable  to 
invasive 
measurements 

•  Accurate  pressure 
gradients  depend  on 
accurate  velocity 
data 

*  Row  dependent 

Continuity  equation 
valve  area' 

qmi2 

AVA  (CSW* 

VTI l tot  i  VTtjw 

1.0 

Volume  Flaw  pro*  imal  lo 
and  in  the  stenotic 
orrlice  is  equal 

•  Measures  effective 
orifice  area 

•  Feasible  in  neairly  ail 
patients 

•  Relatively  flow 
independent 

Requires  LVOT 
diameter  and  Mow 
velocity  data,  along 
with  aortc  velocity. 
Measurement  error 
mgre  likely 

Simplified  continuity 
equation 

crn? 

AVA  | CSAtvo,  >: 

V|_TOT  1  /VjW 

1.0 

The  ratio  of  LVOT  to 
aortic  velocity  « 
simitar  to  Ihe  ratio  of 
VTIs  with  native  aortic 
valve  stenosis 

Uses  more  easily 
measured  velocities 
instead  of  VTIs 

Less  accurate  if  shape 
of  velocity  curves  is 
atypical 

1  Velocity  ratio 

None 

VR  ^ 

0.25 

Effective  AVA 
expressed  as  a 
proportion  of  the 

LVOT  area 

Doppler-only  method. 

No  need  to  measure 
LVOT  size,  less 
vanability  than 
continuity  equation 

Limited  longitudinal  1 

data.  Ignores  LVOT  \ 

size  variability  1 

beyond  patient  size 
dependence  | 

Planimetry  ol  anatomic 
valve  area 

C(T? 

TTE,  TEE.  30 -echo 

1.0 

Anatomic  (geometric) 

CSA  of  the  aortic 
valve  orifice  as 
measured  by  2D  or 

3D  echo 

Useful  if  Doppler 
measurements  are 
unavailable 

Contraction  coefficient 
(anatomic/effective  i 

vaNe  area)  may  be 
vanabte  Difficult  with 
severe  valve  J 

calcification 

Baumgartner  H,  et  al.  J  Am  Soc  Echocardiogr  (2017)  30:372-392 
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PEAK  JET  VELOCITY  -  CONTINUOUS  WAVE  DOPPLER 

•  Multiple  acoustic  windows 

•  HIGHEST  VELOCITY  -  R  PARASTERNAL,  SUPRASTERNAL 


•  Parallel  to  ejection  jet 

•  PROBE  POSITIONING 

•  NO  ANGLE  CORRECTION 

•  Pedof  preferred 

•  SIGNAL-TO-NOISE  RATIO 

•  OPTIMIZE  SPECTRAL  OUTLINE 

•  50-1  00  MM/S  SWEEP 

•  AVOID  FEATHERY  SIGNALS 


AORTIC  STENOSIS  BY  PEAK  VELOCITY 

•  Mild  stenosis: 

2.0 -2.9  m/s 

•  Moderate  stenosis: 

3.0 -3.9  m/s 

•  Severe  stenosis: 

>  4.0  M/S 

•  “Very  Severe”  or 

“Critical”  stenosis: 

>  5.0  m/s 
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BEWARE  THE  DYNAMIC  GRADIENT 


m/s 


AS-Jet 
3.6  m/s 


HOCM 


5.6  m/s 


Baumgartner  H,  et  al.  J  Am  Soc  Echocardiogr  (2017)  30:372-392 


PEAK  AoV  GRADIENT  = 

“MAXIMUM  INSTANTANEOUS  GRADIENT” 


Can  be  calculated  from  the  peak  jet 

VELOCITY,  USING  MODIFIED  BERNOULLI 


4  x  (Ymax) 


4  X  (5.25  M/S)2 
1 10  mmHg 


rt  porn 


AUW 

ECHO 
Gtrunri  /V 


1  4hc 


3  v+i/vz 
CVHi;  7dB 


JL4 

HR-  -E.7bpm 
SfrfttpWin/i 


AoV  VTI 
Vmox 
Pk:  Grad 
Mn  Grad 
Mn  Velocity 


l  ,i  9  m 
5,25  m/t*c 

1  10.3  mniHg 
50,3  mmHg 
3.5?  m/sec 
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INSTANTANEOUS  VS.  PEAK-TO-PEAK 


•  Doppler  peak  gradient  always 

HIGHER  THAN  CATH 

•  Echo  a  more  “physiologic” 

MEASUREMENT 

•  Mean  gradient  and  AVA  should 

CORRELATE 

•  Gradients  are  flow  dependent 


MEAN  GRADIENT  -  CONTINUOUS  WAVE  DOPPLER 

•  Average  gradient  during  entire  ejection  period 

•  Integration  of  velocity  over  time 

•  Approximately  70%  of  Peak  Instantaneous  Gradient 


-.11 


STENOSIS  SEVERITY  BY  MEAN  GRADIENT 

•  Mild  stenosis: 

<  20  mmHg 

•  Mod  stenosis: 

20  -  39  mmHg 

•  Severe  stenosis: 

>  40  mmHg 

pOrn 


aux 
ECHO 
Generd  /V 


Time 


A 


*l5da  3  ■/'♦VI /Z 


w 

HR-  £■  Tliprn 

=100iwi/i 


Aotf  VTI  =  I,! 9  m 
VnlOJf  5  5.2$  m/lflC 
jL  Pie  Grad  =  1 10,3  mmHg 
b m  Mn  Grad  =  51,3  in-mHg 
Mn  V^ionily  3  SZ  ffl / 1 i C 
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PITFALLS  OF  MEASUREMENT 

•  Misalignment  with  aortic  flow 

•  Under-estimation  of  peak  velocity 

•  MAJOR  UNDER-ESTIMATION  OF  MEAN  GRADIENT 

•  Recording  eccentric  MR  jet 

•  MAJOR  OVER-ESTIMATION  OF  VELOCITY  &  GRADIENT 

•  CW  SPECTRAL  MORPHOLOGY  DIFFERENCES 

•  Pressure  recovery  issues 

•  Magnitude  ~  EOA  /  Aortic-A 

•  Over-estimation  of  PV  &  MG  with  small  aortas  (<30  mm) 


PITFALLS  OF  “FLOW  STATES” 

•  Higher  SV  =  Higher  Gradients 

•  Aortic  regurgitation 

•  Hyperdynamic  function 

•  Lower  SV  =  Lower  Gradients 

•  Reduced  ejection  fraction 

•  Small  ventricular  cavity  (LVH) 

•  High  systemit  vascular  resistance  /  impedence 

•  Significant  mitral  regurgitation 
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AORTIC  STENOSIS 

VALVE  AREA  ASSESSMENT 

•  Normal  valve  area 

=  3  -  4  cm2 

•  Mild  stenosis: 

>  1 .5  CM2 

•  Moderate  stenosis: 

1 .0  -  1 .5  CM2 

•  Severe  stenosis: 

<  1 .0  CM2 

•  “Critical”  stenosis: 

<  0.7  CM2 

CONTINUITY  EQUATION 


Based  on  conservation  of  mass 


LVOTarea  *  VTIlvot  =  AVA  *  VTIav 


[n  *  (LVOTradius)2]  *  VTIlvot  =  AVA  *  VTIav 
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PITFALLS  -  THE  LVOT  IS  NEVER  EASY 


GO  SLIGHTLY  OFF-AXIS 


LVOT d  =  2.0  cm 


Baumgartner  H,  et  al.  J  AmSoc  Echocardiogr  (201 7)  30:372-392 


+  LVOT  Diam  2  0  cm 
LVOT  Area  3.14  cm1 
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FLOW  THROUGH  LVOT 


PW  Spectral  Envelope 

•  Sample  volume  in  LVOT 

•  Laminar  envelope  !! 

•  Apical  views 


Velocity  Time  Integral  (VTI) 

•  FLOW  through  a  single  point 


VTI  =  19  cm 


FLOW  ACROSS  THE  AORTIC  VALVE: 

CONTINUOUS  WAVE  DOPPLER 
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CALCULATING  AORTIC  VALVE  AREA 

•  AVA  =  (Diameterlvot/  2)2  x  n  x  VTIlvot 

•  AVA  =  (2.1  cm/2)2x  3.14  x  19  cm 

85  CM 

•AVA  =  0.7CM2 


PITFALLS  FOR  THE  CONTINUITY  EQUATION 

•  LVOT  MEASUREMENT 

•  RADIUS2  -  PROPAGATE  LARGER  ERROR 

•  LVOT  ELLIPTICAL  -  CSA  FROM  3D  TEE  or  CT 

•  LVOT  VELOCITY 

•  Too  CLOSE  TO  THE  AV  -  OVER-ESTIMATE  AVA 

•  TOO  FAR  INTO  THE  LV  -  UNDER-ESTIMATE  AVA 

•  AV  VELOCITY 

•  Missing  true  peak: 

•  Use  multiple  sites  /  PEDOF  /  highest  velocity 

•  Beware  MR! 
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DOPPLER  VELOCITY  RATIO 

•  Derived  from  continuity  equation 

•  ELIMINATES  SOME  ERRORS  -  NO  LVOT  FACTOR 

•  RELATIVELY  “FLOW  INDEPENDENT" 

DVR  =  VTIlvot  /  VTIav 

•  CAN  USE  VELOCITY  INSTEAD  OF  VTI 

•  Criteria  for  severe  AS  -  DVR  <  0.25 


PLANIMETRY  OF  THE  AORTIC  VALVE 


Correlates  with  invasively 

OBTAINED  AREAS 


TEE  superior 

•  USE  color  flow  area 


Dense  calcification  reduces 
accuracy 


Flow  dependent 


•  DIFFICULT  TO  DISTINGUISH  DECREASED 
OPENING  DUE  TO  LV  FAILURE 


T:  37. OC 
T:  38.8C 


JPEG 

57 


AVA  =  1.1  cm2 
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Table  3  Recommendations  for  grading  of  AS  severity 


Aortic 

sclerosis  Mild 

Moderate 

Severe 

Peak  velocity  (m/s) 

<2.5  m/s  2. 6-2. 9 

3. 0-4.0 

>4.0 

Mean  gradient  (mmHg) 

<20 

20-40 

>40 

AVA  (cm2) 

>  1.5 

1 .0-1 .5 

<1.0 

Indexed  AVA  (cm2/m2) 

>0.85 

0.60-0.85 

<0.6 

Velocity  ratio 

>  0.50 

0.25-0.50 

<0.25 

Baumgartner  H,  et  al.  J  AmSoc  Echocardiogr  (201 7)  30:372-392 


ECHO  ESSENTIALS  FOR  EVALUATION  OF  AS 

•  Valve  anatomy  for  etiology 

•  Severity  of  Stenosis 

•  Assisting  with  management  decision-making 

•  Recognize  low  output  /  low  gradient  states 
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AORTIC  STENOSIS  -  PHYSIOLOGIC  SEQUELAE 

•  Chronic  LV  pressure  overload 

•  Myocardial  hypertrophy  -  Progressive,  Concentric 

•  LA  DILATATION 

•  Progressive  Dysfunction 

•  Diastolic,  then  Systolic 

•  END  STAGE  -  LIMITED  CARDIAC  OUTPUT 

•  After  long  latency...  SYMPTOMS 

•  Early  -  dyspnea  and  fatigue  (often  subtle) 

•  Late  -  "Cardinal  Sx"  -  angina,  syncope,  CHF 


THE  OLD  DAYS: 

THE  'SYMPTOMATIC  CUFF ' 


~r~ 

10 


Latent  period 
(increasing  obstruction, 
myocardial  overtoad) 


- I 

20 


T~ 

TO 


~r~ 

40 


~ l 

SO 


Age  (years) 


Angina 

Syncope 

failure 


0  2  4  6 
Average  survival  (years) 


Braunwald  E,  et  al.  Circulation  (1968)  38:61-67 
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THE  NEW  ERA  (2014) 

'S1AGES"  OF  DISEASE 

•  Stage  A: 

•  At  risk  for  disease 

•  Stage  B: 

•  Progressive  disease  (asymptomatic) 

•  Stage  C: 

•  Severe  disease  (asymptomatic) 

•  Stage  D: 

•  Severe  disease  (symptomatic) 

Nishimura  RA,  et  al.  J  Am  Coll  Cardiol  (2014)  63:2438-2488 


“STAGE  C”  CAN  BE  SUBDIVIDED: 

•  Stage  A: 

•  At  risk  for  disease 

•  Stage  B: 

•  Progressive  disease 

•  Stage  Cl: 

•  Severe  (asymptomatic)  -  Compensated  LV 

•  Stage  C2: 

•  Severe  (asymptomatic)  -  Decompensated  LV 

Nishimura  RA,  et  al.  J  Am  Coll  Cardiol  (2014)  63:2438-2488 
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“LOW  GRADIENT”  AORTIC  STENOSIS 


P  = 


3V2C-S  34Hz 

EEEBBB  180mm 

Cardiac 
NTH  I  General 
Pwr=  OdB  MJ =1 .0 

70dB  SI/  0/1/4 
Gain=  14dB  a=3 


Peak  Velocity 

2.74  m/sec 


HR=1 16bpm 


Mean  Gradient 

15  mmHg 


Calculated  AVA 

0.5  cm2 


HOty 


LOW  GRADIENT  AS 

LOW  OUTPUT  -  LOW  Q  ECHO  N  FRACTION 

•  Low  SV  (low  flow)  leads  to  low  gradients 

•  ’’Real  AS” 

•  1°  problem:  severe  obstruction  to  flow 

•  2°  problem:  depressed  EF 


•  “Pseudo  AS” 

•  1°  problem:  depressed  EF 

•  2°  problem:  moderate  obstruction  to  flow 

MADE  TO  LOOK  SEVERE  BY  SV 


Does  not 
improve 
with  AVR 
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LOW  GRADIENT  AS 

DOBUTAMINE  STRESS  ECHO 

•  LOW  DOSE  DOBUTAMINE  {<  1  0  MCG/KG/MIN) 

•  |  LV  CONTRACTILITY  |  STROKE  VOLUME 

•  Increase  SV  by  >  20% 

•  Real  AS  Peak  vel  /  mean  gradient  f-ft 

AVA  UNCHANGED  OR  j  (<1  CM2) 

•  Pseudo  AS  Peak  vel  /  mean  gradient  minimal  | 

AVA  TYPICALLY  t  (>1  CM2) 

•  What  if  SV  doesn’t  increase? 

•  Lack  of  contractile  reserve  -  bad  situation 


LOW  GRADIENT  AS 

LOW  OUTPUT-  NORMAL  EJECTION  FRACTION 

•  EF  >50%,  AVA  <1  CM2  -  BUT  MG  <40  mmHg? 

•  Still  at  stroke  volume  problem 

•  SV,NDEX  <35  ml/m2  despite  nl  EF 

•  “Typical”  patient: 

•  Older,  h/o  hypertension,  women 

•  Concentric  LVH,  small  cavity,  impaired  filling 

•  Markedly  increased  vascular  impedence 

•  Low  DOSE  DSE  may  or  may  noj  help 

Pibarot  P,  Dumesnil  JG.  Heart  (2010)  96:1431-33 
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LOW  FLOW  /  LOW  GRADIENT  AS 

(AVA  <1  cm2  AVAi  <0.6  cm/m2  MG  <40mmHg 

r -  Dobutamine  Stress  Echo  - ^ 

|SV  >20%  |SV  >20% 


FLOW  RESERVE  NO  FLOW  RESERVE 


TRUE  SEVERE  AS  PSEUDO  -  AS  TRUE  SEVERE  AS 

AYR  /  Transcatheter  AYR  Medical  Management  AYR  /  Transcatheter  AYR 


adapted  from  Clavel  M,  Burwash  IG,  Pibarot  P.  JACC  Img  (2017)  10:185-202 


SUMMARY  -  ACE  THE  EXAM!! 

ECHO  ESSENTIALS  FOR  EVALUATION  OF  AS 

•  Valve  anatomy  for  etiology 

•  TRILEAFLET  CALCIFIC,  BAV,  RHEUMATIC 

•  Severity  of  Stenosis 

•  know  "The  Big  3”  -  Memorize  Table  3  from  EACVI/ASE 

•  Assisting  with  management  decision-making 

•  PHYSIOLOGIC  SEQUELAE  (LVH/DYSFXN);  CONCURRENT  DZ 

•  HOW  ECHO  HELPS  IN  ASYMPTOMATIC  AND  SYMPTOMATIC  AS 

•  Recognize  low  output  /  low  gradient  states 

•  discern  TRUE  from  PSEUDO  severe  AS 
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